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(54) Vehicle identification system for electric toll collection system 


(57) A plurality of antennas receives radio wave 
transmitted from a vehicle which comes in a toll collec- 
tion area. Each antenna has at least three antenna ele- 
ments, and the antennas are disposed in the horizontal 
direction and vertical direction. The signal analyzer ana- 
lyzes the ID signal included in the received radio wave 
to identify the vehicle. The cfirection detector measures 
the direction of arrival (DOA) of radio wave received by 
two antennas selected by the antenna selector by way 
of two-dimensional interferometry principle in terms of 
the directional angle and depression angle. The location 
detector calculates the location of the vehicle in the hor- 
izontal direction and the height in the vertical direction of 
the vehicle as a location information based on the DOA 
of the radio wave measured by the direction detector. 


The vehicle tracking unit generates the locus data of the 
vehicle based on the location information calculated by 
the location detector and the information for identifying 
the vehicle analyzed by the signal analyzer. On the 
other hand, the video camera takes a picture of the vehi- 
cle which comes in the toll collection area to obtain the 
picture data. The data correlation unit judges whether 
the vehicle is a violator vehicle by correlating the picture 
data and locus data. The controller registers the locus 
data and picture data of the vehicle if the vehicle is a vio- 
lator vehicle. On the other hand, the controller collects a 
prescribed toll from the vehicle if the vehicle is not a vio- 
lator vehicle. 
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Description 

This invention relates to a vehicle identification sys- 
tem, and particularly relates to a vehicle identification 
system applicable to the electric toll collection (ETC) 
systems provided with a means for measuring the loca- 
tion of a vehicle by measuring direction of arrival (DOA) 
of radio wave transmitted from the vehicle. 

A conventional vehicle identification system to be 
applied to ETC systems for using on toll roads is dis- 
closed in USP 5,440, 109. In this conventional vehicle 
identification system, an infrared beacon (IRB) which is 
a component of an infrared communication system 
(IRK), an infrared video camera (IRV) which is a compo- 
nent of an infrared location measurement system, a traf- 
fic radar system (RD), and a usual video camera (NV) 
which is a component of a vehicle identification-record- 
ing system (FIR) are installed on a toll booth side. 
These systems are connected to a controller for per- 
forming a total data processing and correlative process- 
ing. 

By way of the data fusion of three types of informa- 
tion obtained from these systems, namely radar infor- 
mation, IR location information, and video information, 
the identification of a vehicle under the communication 
for toll collection is performed. 

However, in this conventional vehicle identification 
system, it is required to install an infrared communica- 
tion system, and it results in high cost. The communica- 
tion by way of infrared ray is not appropriate to a foggy 
environment, and therefore if this conventional vehicle 
identification system is used in a foggy place, it is apt to 
cause the erroneous detection of a vehicle and commu- 
nication trouble between a toll booth and vehicles. 

It is an object of the present invention to provide a 
vehicle identification system which is excellent in relia- 
bility and can be manufactured at a low cost. 

It is another object of the present invention to pro- 
vide a vehicle identification system which is capable of 
identifying individually a plurality of vehicles accurately 
regardless of overlapping of the plurality of vehicles dis- 
posed side by side in parallel. 

To achieve the above-mentioned objects, the sys- 
tem for identifying a vehicle which comes in a pre- 
scribed area in accordance with the present invention is 
provided with a receiving means for receiving radio 
wave transmitted from the vehicle which comes in the 
prescribed area, an identification means for identifying 
the vehicle based on the ID signal included in said racfio 
wave which is received by said receiving means, a 
directional finder for measuring the direction of arrival of 
the radio wave, and a location detection means for cal- 
culating the location of the vehicle based on the direc- 
tion of arrival measured by the directional finder. 

The vehicle identification system in accordance 
with the present invention is provided with a means for 
measuring the direction of arrival of radio wave transmit- 
ted from the vehicle which comes in the prescribed area 
by way of two dimensional interferometry principle in 


terms of the directional angle and depression angle. 

The system for identifying the vehicle which comes 
in the toll collection area and for collecting a prescribed 
toll from the vehicle in accordance with the present 

5 invention is provided with a receiving means for receiv- 
ing radio wave transmitted from a vehicle which comes 
in a toll collection area, an identification means for iden- 
tifying the vehicle by analyzing the ID signal included in 
the received radio wave, a directional finder for measur- 

10 ing the direction of arrival of the radio wave, a location 
detection means for calculating the location of the vehi- 
cle based on the direction of arrival measured by the 
directional finder, a vehicle tracking means for calculat- 
ing the locus of the vehicle based on the identification 

is information of the vehicle outputted from the identifica- 
tion means and the location information of the vehicle 
outputted from the location detection means, a camera 
means for taking a picture of the vehicle and outputting 
a picture data, and a toll collection means for collecting 

20 a desired toll from the vehicle based on the locus data 
supplied from the vehicle tracking means and the pic- 
ture data supplied from the camera means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

The above and other objects, features and advan- 
tages of the present invention will become more appar- 
ent from the following detailed description taken with the 
accompanying drawings in which: 

30 

Fig. 1 is a perspective view for illustrating the struc- 
ture of a vehicle identification system applying a 
one dimensional interferometry principle, 
Fig. 2 is a diagram for illustrating an antenna shown 

35 in Fig. 1, 

Fig. 3A is a perspective view for describing a 
method for detecting a vehicle applying the one 
dimensional interferometry principle, 
Fig. 3B is a plan view of Fig. 3A, 

40 Fig. 4A is a perspective view for illustrating the 
structure of a vehicle identification system applying 
a two dimensional interferometry principle in 
accordance with the present invention, 
Fig. 4B is a diagram for illustrating an example of 

45 inaccurate measurement of direction by means of a 
vehicle identification system applying the one 
dimensional interferometry principle, 
Fig. 5 is a perspective view for illustrating the struc- 
ture of a vehicle identification system of an embod- 

50 iment applying the two dimensional interferometry 
principle in accordance with the present invention. 
Fig. 6A is a diagram for illustrating the structure of a 
antenna shown in Fig. 5. 

Fig. 6B is a diagram for illustrating the set angle of 
55 the antenna shown in Fig. 5, 

Fig. 7 is a perspective view for describing the loca- 
tion measurement method of a vehicle applying the 
two dimensional interferometry principle in the 
embodiment in accordance with the present inven- 
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tion, 

Fig. 8 is a plan view for describing the on-plane 
location measurement method of a vehicle applying 
the two dimensional interferometry principle in the 
embodiment in accordance with the present inven- 
tion, 

Fig. 9 is a schematic diagram for illustrating the 
structure of a vehicle identification system of the 
embodiment in accordance with the present inven- 
tion, and 

Fig. 10 is a flow chart for describing the processing 
sequence in the vehicle identification system 
shown in Fig. 9. 

DETAILED DESCRIPTION OF PREFERRED EMBOD- 
IMENTS 

One embodiment of a vehicle identification system 
in accordance with the present invention will be 
described in detail referring to the drawings. 

The vehicle identification system of the embodi- 
ment identifies vehicles applying two-dimensional inter- 
ferometry principle. 

Firstly, before the vehicle identification system 
applying the two-dimensional interferometry principle is 
explained, the method of measuring the location of the 
vehicle applying one-dimensional interferometry princi- 
ple will be described referring to the Fig.1 and 2. 

In Fig. 1, a plurality of antennas 25 of a directional 
finder is deployed horizontally on a gantry 30, and the 
antennas 25 receive radio waves transmitted from vehi- 
cles. The antenna 25 is an array antenna comprising at 
least two antenna elements 50. In the location measure- 
ment method by way of one dimensional interferometry 
principle, as shown in Figs. 3A and 3B, directional lines 
1 and 2 are drawn from the position of each antenna 25 
based in the DOAs measured by way of the radio wave 
transmitted from a vehicle, and then the position of inter- 
section of the two directional lines is determined as the 
location of the vehicle 10. 

The position measurement method by way of one 
dimensional interferometry principle is described herein 
under in detail. 

A plurality of antenna elements 50, the number of 
which are n (n=1 ,2, ...), are used. The element numbers 
(natural numbers from 1 to n) are assigned to each 
antenna element 50. A signal outputted from each 

antenna element 50 is referred to as X1 , X2, X3 Xn 

wherein the numbers represent the element numbers 
respectively, and when antenna elements 50 are paired 
to form pairs, the phase difference y i} of each pair is rep- 
resented by the following equation (1). 


element 50. 

Previously, the theoretical value (or measured 
value) of signals received by each antenna element 50 
is calculated (or measured) for all the directional angles 

5 4> in the predetermined range, and the theoretical values 
(or measured values) are stored in a memory device. 
The theoretical values (or measured values) are repre- 
sented as A1 (<)>), A2(4>), A3(4>) An(4>) corresponding 

to the element numbers given to each antenna element 

10 50. 

Like the equation (1), the phase difference of each 
antenna element 50 pair is represented by the following 
equation (2). 


15 


0» 

|A,(«V<«| 


(2) 


The standard phase difference Ajj(<f>) represented 
20 by the equation (2) is calculated previously for all the 
directional angles <f>. The directional angle <|> at which the 
phase difference ^ represented by the equation (1) 
becomes nearest the standard phase difference Ajj(<|>) 
represented by the equation (2) is obtained, and the 
25 obtained directional angle is estimated to be the direc- 
tion of arrival (DOA). The least-square method is used 
for estimation of the DOA, and then the DOA <f> at which 
the following equation (3) becomes the minimum is 
determined. 

30 


7 U*i X; *riA,(«Aj-(«|j 


(3) 


35 


*ij = 


IX; Xp 


0) 


Here, the symbol i and j in the equation (1) repre- 
sent the element numbers assigned to each antenna 


Next, a method for determining a vehicle location 
based on the DOA is described. 

The DOA of the radio wave received by means of at 
least one pair of antennas 25 disposed horizontally on 
40 the gantry 30 as shown in Fig. 1 is determined by way of 
the above-mentioned one dimensional interferometry 
principle. Directional lines 1 and 2 are drawn from the 
position, where each antenna 25 is provided, based on 
the DOA of radio wave measured by means of each 
45 antenna 25 as shown in Fig. 3B. The intersection of the 
directional lines 1 and 2 drawn from each antenna 25 is 
detected as the location of the vehicle 10 which trans- 
mitted radio wave. 

However, the vehicle identification system by way of 
so one dimensional interferometry principle tracks the 
locus of a vehicle by measuring one-dimensionally only 
the DOA of radio wave transmitted from the vehicle. 
When a small vehicle 10 such as a passenger car 
moves side by side in parallel with a large vehicle 40 
55 such as a trailer or a bus as shown in Fig. 4B, radio 
wave from the vehicle 10 is blocked by the large vehicle 
40 and does not arrive at the antenna 25 (this condition 
is referred to as shadowing), ft is sometimes difficult to 
measure the location of a vehicle 1 0 in the case that the 
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location is measured only by way of the DOA. 

In this case, though the location of a vehicle is 
measured based on the intersection of a pair of direc- 
tional lines from a pair of antennas 25 as shown in Fig. 
3A, in the one dimensional interferometry principle, the 
intersection of directional lines is not deviate from the 
true position because of insufficient information in verti- 
cal direction due to depression angle, this insufficient 
information adversely affects the location error. 

Now, a vehicle identification system in accordance 
with the preferred embodiment of the present invention 
will be described as follows. 

In a vehicle identification system in accordance with 
the preferred embodiment of the present invention, a 
plurality of antennas 20 is deployed not only in horizon- 
tal direction but also in vertical direction as shown in Fig. 
5. The directional angle and depression angle of arrival 
radio wave from the vehicle are measured two-dimen- 
sionally. In other words, the location of a vehicle is 
measured by way of two dimensional interferometry 
principle. At least two antennas 20 out of a plurality of 
antennas deployed in horizontal direction and vertical 
direction are selected as the antennas used for meas- 
urement of the directional angle and depression angle. 
The location of a vehicle in the vertical plane and hori- 
zontal plane is measured based on the information 
obtained from the selected antennas 20. An array 
antenna comprising at least three antenna elements 50 
as shown in Fig. 6A is used as the antenna 20. The 
antenna 20 is installed with a depression angle of about 
45 degrees toward the road to increase the radio wave 
sensitivity and range of measurement as shown in Fig. 
6B. 

Next, a method for determining the directional 
angle and depression angle of arriving radio wave from 
a vehicle by way of two dimensional interferometry prin- 
ciple is described hereinafter. 

In the two dimensional interferometry principle like 
one dimensional interferometry principle, n antenna ele- 
ments 50 to which the element numbers from 1 to n are 
given respectively are used. Signals outputted from 
each antenna element 50 are represented by X1. X2, 

X3 Xn, wherein the numbers represent the element 

number respectively. Antenna elements 50 are paired to 
form pairs, and the phase difference y V] of each pair is 
represented by the above-mentioned equation (1). The 
theoretical value (or measured value) of a signal to be 
outputted from each antenna element 50 is determined 
previously for all the directional angle 0 and depression 
angle <)>, and these values are stored in a memory 
device. The theoretical value (or measured value) is 
represented by A1(<)>, e) ( A2(<|>. 8), A3(<f>, 6), ... An(<|>, 8) 
corresponding to the element number given to each 
antenna element 50. 

Like the equation (1), the phase difference of each 
pair is represented by the following equation (4). 


J |Ai(*. ejA.-Cfc 8)| 


(4) 


10 


is 


20 


25 


30 


35 


40 


45 


50 


TTie standard phase Aq(<j>, e) represented by the 
equation (4) is determined previously for all the direc- 
tional angle <J> and depression angle e. The directional 
angle $ and depression angle 6 at which the phase dif- 
ference represented by the equation (1) becomes 
nearest the standard phase difference Ag (<(>, G) repre- 
sented by the equation (4) is determined. The deter- 
mined directional angle <|> and depression angle 6 are 
estimated to be a DOA of radio wave from a vehicle. The 
least square method is used for estimation of the DOA. 
That is, the DOA <J> and 8 at which the equation (5) 
becomes the minimum are determined. 


7l|X,X J *riA l (*.6)A J *(* 1 6)|J 


Next, a method for determining the location of a 
vehicle based on the DOA of radio wave from the vehi- 
cle as described herein above is described hereinafter. 

In the case that two antennas 20 are used for 
measuring the DOA of radio wave as shown in Fig. 7, 
the DOA (<fr1 , ei) and (<|>2 and 92) of radio wave is deter- 
mined. In Fig. 7, PA1 and PA2 are plane antennas, 81 
and 82 are directional angles of arriving radio wave, $1 
and <|>2 are depression angles of arriving radio wave, b 
is a base line length namely a distance between PA1 
and PA2, d1 and d2 are horizontal distances from a 
vehicle 10 to each antenna 20, h is a height from the 
vehicle 10 to the gantry 30, and H is the height of the 
gantry 30 to be installed. The installation height of the 
transceiver equipped with the vehicle from the ground is 
H-h. 

The location on the horizontal plane of the vehicle 
10 which is transmitting radio wave is represented by 
coordinates X and Y having the origin at the location of 
the antenna 20 as shown in Fig. 8. The location X and Y 
of the vehicle 10 on the horizontal plane is determined 
by way of the following equations (6) to (10) using the 
measured DOA (directional angle and depression 
angle) of radio wave and the known base line length. 


55 


bcos e 2 
sin(8 1 +8 2 ) 


bcos 0 1 
sin(8., +8 2 ) 


h = d -| tan <|> 1 = d 2 tan <)> 2 


(6) 


(7) 


(8) 


X = d i sin 6 , 


(9) 
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Y = d 4 cos9 1 (10) 


Further, for measurement of the location of the 
vehicle 1 0, at least two antennas which are estimated to 
be positioned at the place where the antennas can 
receive radio wave from the vehicle without blocking of 
radio wave by a large vehicle 40 are selected out of a 
plurality of antennas deployed. Alternately, the locus of 
the DOA of radio wave measured for each antenna are 
traced, and most suitable antennas 20 are selected, 
that is, antennas deviated significantly from the average 
locus are not selected. 

In this embodiment, because the directional angle 
and depression angle of arriving radio wave are meas- 
ured by way of two dimensional interferometry principle, 
it is possible to deploy antennas 20 not only in horizontal 
direction but also in vertical direction. When the location 
of a vehicle which is transmitting radio wave is meas- 
ured, the optimal combination of antennas 20 which 
receive radio wave without blocking by a large vehicle is 
selected, and thus the adverse effect of shadowing is 
suppressed. In Fig. 5, combinations of antennas such 
as antenna 20-1 and antenna 20-2, and antenna 20-1 
and antenna 20-3 corresponds such optimal combina- 
tion. 

The location of a vehicle is calculated both for the 
horizontal plane and vertical plane based on the direc- 
tional angle and depression angle of arriving radio wave 
from the vehicle, the location of the vehicle is measured 
therefore more accurately. 

Next, a vehicle identification system of the embodi- 
ment of the present invention to which the above-men- 
tioned method for measuring the location of a vehicle is 
applied is described referring to the drawings. In partic- 
ular, an embodiment in which the vehicle identification 
system is applied to collect toil on a high way, for exam- 
ple, is described. 

In Fig. 9, a vehicle 10 is provided with an IC card 
decoder 60 for analyzing an IC card on which informa- 
tion for identifying the vehicle is recorded and a trans- 
ceiver 70 for transmitting an ID code signal analyzed by 
the decoder 60 by way of radio wave. In the IC card, the 
information such as the vehicle number, name of owner 
of the vehicle, and specified bank account number is 
recorded previously. On the other hand, in the vehicle 
identification system, at least four antennas 20 dis- 
posed in horizontal and vertical direction namely two 
dimensionally as shown in Fig. 4A, each antenna has at 
least three antenna elements 50 as shown in Fig. 6A, 
and receives the ID code signal transmitted from the 
vehicle 10. In detail, when the vehicle 10 comes in the 
toll collection area of a toll road such as a high way, the 
plurality of antennas 20 receives radio wave (ID code 
signal) including the ID code transmitted from the trans- t 
ceiver 70 of the vehicle 10. 

The location of the vehicle 10 which transmitted 
radio wave is measured using the radio wave received 
by two antennas 20 which are selected by an antenna 


selector 100. The antenna selector 100 selects at least 
two antennas which are estimated to receive sufficiently 
radio wave from the vehicle without blocking of radio 
wave by a large vehicle as descrtoed hereinbefore. 
5 Alternately, the antenna selector 100 traces the locus of 
the DOA of radio wave measured by each antenna 20, 
rejects antennas with significant deviation from the 
average locus, and selects at least two optimal anten- 
nas 20 (S101). 

10 The radio wave namely ID code signal received by 
two antennas 20 selected by the antenna selector 100 
is analyzed by a signal analyzer 1 10, and the vehicle 10 
which transmitted the ID code signal is specified based 
on the analysis result of the signal analyzer 1 10 (S102). 
15 Next, the directional angle 6 and depression angle 
<)> namely the DOA of the radio wave received by the 
antennas 20 are determined by a direction detector 
(directional finder) 120 (S103). Assuming that the 
antenna selector 100 selects the antennas 20-1 and 20- 
20 2 shown in Fig. 5, the directional angle and depression 
angle of the arriving radio wave received by the anten- 
nas 20-1 and 20-2, namely (<|>1 , 81) and (<|>2, e 2) shown 
in Fig. 7, are determined as the DOA by the direction 
detector 120. A location detector 130 calculates the 
25 location of the vehicle 10 both on the horizontal plane 
and vertical plane based on the DOA measured by the 
direction detector 120 (S104). The processing per- 
formed by the direction detector 1 20 and location detec- 
tor 130 is operated by way of two dimensional 
30 interferometry principle. The size of the vehicle 10 may 
be estimated based on the height information of the 
vehicle 10 calculated by the location detector 130. 

A vehicle tracking unit 140 stores correspondingly a 
locus data of the vehicle 10 obtained by tracking the 
35 location data of the vehicle 10 obtained by the location 
detector 130 and the ID data for identifying the vehicle 
10 obtained by the signal analyzer 110 in a memory 
device not shown in the figure. In other words, the 
movement of the vehicle 10 is tracked by the vehicle 
40 tracking unit 140 (S105). The tracking processing by the 
vehicle tracking unit 140 is realized by storing succes- 
sively location data in the memory device while location 
data of the vehicle 10 obtained every certain time inter- 
val from the location detector 130 are correlated for 
45 each location change by way of correlation processing. 
Simultaneously with the processing for acquiring 
the locus data of the vehicle 10 described herein above, 
a video camera 150 that is a picture data collection 
means takes a picture of the toll collection area, and the 
so picture data which includes the picture of the vehicle 1 0 
which is coming in the area is collected. A data correlat- 
ing unit 160 correlates the locus data of the vehicle 10 
supplied from the vehicle tracking unit 140 with the pic- 
ture data supplied from the video camera 150 (S106). In 
?5 detail, the vehicle number that is the information for 
specifying the vehicle 1 0 included in the locus data is 
correlated with the vehicle number obtained from the 
picture taken by the video camera 150. The identifica- 
tion whether the vehicle 10 which had the IC card and 
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10 


transmitted the ID code signal is exactly the same as 
the vehicle 1 0 on the picture taken by the video camera 
150 is judged. 

The data con-elation unit 160 supplies the correla- 
tion result and locus data including the ID for specifying 5 
the vehicle 1 0 to a controller 1 70. The controller 1 70 col- 
lects automatically a prescribed toll from the vehicle 10 
which comes in the toll collection area based on the 
data supplied from the data correlation unit 1 60. The toll 
is collected by automatic withdrawing of the prescribed to 
amount for the toll from the specified bank account reg- 
isterea in tne i<j cara. At tne same time, tne controller 
170 judges whether the vehicle 10 is a violator vehicle 
based on the locus data supplied from the data correla- 
tion unit 160 (S 107). If the data correlation unit 160 finds is 
an incomplete or unjust ID data, or conflict between the 
vehicle number included in the ID data and the vehicle 
number on the picture taken by the video camera 150, 
the controller 1 70 judges the vehicle 10 to be a violator 
vehicle. 

When the controller 170 determines the vehicle 10 
to be a violator vehicle, the controller 170 sends the 
data of the vehicle 1 0 namely the locus data acquired by 
the vehicle tracking unit 140 and picture data acquired 
by the video camera 150 to the central controller 180 for 
registering (S108). For the vehicle 10 registered as a 
violator vehicle in the central controller 180, the vehicle 
and owner of the vehicle are specified based on the 
locus and picture data, and a prescribed toll is collected 
later. 

On the other hand, the data of the vehicle 10 which 
is judged not to be a violator vehicle by the controller 
170 and from which a prescribed toll is collected, 
namely the locus ' data and picture data, is erased 
(S109). 

The controller 170 controls the antenna selector 
100, signal analyzer 110. direction detector 120, loca- 
tion detector 130, vehicle tracking unit 140, and data 
correlation unit 160 at desired timing. 

According to the present invention, since the DOA 
of radio wave transmitted from a vehicle is measured 
two-dimensionaily based on the directional angle and 
depression angle, the vehicle location is measured both 
on the horizontal plane and vertical plane. The location 
of a vehicle which comes in the certain area is detected 45 
accurately. In particular, the adverse effect of shadow- 
ing can be suppressed, and therefore miss detection of 
a vehicle is prevented. 

In the location measurement by way of two dimen- 
sional interferometry principle, antennas can be dis- so 
posed not only in the horizontal direction but also in the 
vertical direction, and the optimal antennas can be 
selected so that the adverse blocking effect of radio 
wave by a large vehicle such as a trailer or a bus is elim- 
inated. 55 

Further, the size of a vehicle may be estimated 
based on the height information of the vehicle, and thus 
the vehicle is detected and identified easily. 

It is apparent that the present invention is not lim- 


ited to the above embodiment but may be modified and 
changed without departing from the scope and spirit of 
the present invention. 

Claims 

1 . A system for identifying a vehicle which comes in a 
prescribed area, characterized in that comprising; 

a receiving means (20) for receiving radio wave 

transmitted from a vehicle (10) which comes in 

a prescribed area. 

an identification means (110) for identifying 
said vehicle based on an ID signal included in 
said radio wave which is received by said 
receiving means, 

a directional finder (120) for measuring a direc- 
tion of arrival of said radio wave, and 
a location detection means (130) for calculating 
a location of said vehicle based on the direction 
of arrival measured by said directional finder. 

2. The system as claimed in claim 1, wherein said 
receiving means is provided with a plurality of 
antennas (20-1, 20-2, 20-3 and 20-4), each 
antenna has at least three antenna elements (50). 
and said directional finder is provided with a means 
for measuring a directional angle and depression 
angle of said radio wave to each antenna based on 
phase difference of said radio wave received by 
said two antenna elements included in said respec- 
tive antennas and previously registered standard 
phase difference. 


20 


25 


30 


35 3. 


40 


The system as claimed in claim 1 or 2, wherein said 
location detection means determines an intersec- 
tion of direction lines formed from each antenna as 
the location of said vehicle in a horizontal direction, 
said direction lines formed in the direction of arrival 
of said radio wave received by said respective 
antennas from said respective antennas. 

The system as claimed in claim 2 or 3, wherein said 
plurality of antennas is disposed in the horizontal 
direction and vertical direction respectively. 

The system as claimed in claim 2 or 3, wherein said 
plurality of antennas comprises at least two anten- 
nas disposed in the horizontal direction and at least 
two antennas disposed in the vertical direction. 

The system as claimed in any of claims 2 to 5, fur- 
ther comprising: 

a selector (1 00) for selecting at least two anten- 
nas which are receiving normally radio wave 
transmitted from said vehicle; and 

wherein said directional finder meas- 
ures the direction of arrival of said radio wave 
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12 


received by at least two antennas selected by 
said selection means. 

7. The system as claimed in any of claims 2 to 6, 
wherein said antenna is disposed with its radio 
wave receiving plane facing in the inclined depress- 
ing direction. 

8. The system as claimed in any of claims 1 to 7, fur- 
ther comprising: 


a veh i cle tracking means (140) for deter mi n i ng 

the locus of said vehicle based on the location 
of said vehicle measured by said location 
detection means. 

9. The system as claimed in any of claims 1 to 8, fur- 
ther comprising: 

a camera means (150) for taking a picture of 
said vehicle which comes in said prescribed 
area. 

10. The system as claimed in claim 8, further compris- 
ing: 

a camera means (150) for taking a picture of 
said vehicle which comes in said prescribed 
area and outputting a picture data; and 
a means (160) for identifying said vehicle by 
correlating said picture data supplied from said 
camera means with the locus of said vehicle 
determined by said vehicle tracking means. 

11. The system as claimed in any of claims 1 to 10 t 
wherein said directional finder measures the direc- 
tion of arrival of radio wave transmitted from said 
vehicle by way of two dimensional interferometry 
principle in terms of a directional angle and depres- 
sion angle. 

12. The system as claimed in claim 11, wherein said 
location detection means calculates the location of 
said vehicle on the horizontal plane and the height 
in the vertical direction based on the directional 
angle and depression angle of the directional of 
arrival of the radio wave measured by said direc- 
tional finder 

13. A system for identifying a vehicle which comes in a 
toll collection area and for collecting a prescribed 
toll from said vehicle, characterized in that compris- 
ing: 

a receiving means (20) for receiving radio wave 
transmitted from a vehicle (10) which comes in 
a toll collection area, 

an identification means (110) for identifying 
said vehicle by analyzing an ID signal included 


in said received radio wave, 
a directional finder (120) for measuring a direc- 
tion of arrival of said radio wave, 
a location detection means (130) for calculating 
5 the location of said vehicle based on the direc- 

tion of arrival measured by said directional 
finder, 

a vehicle tracking means (140) for calculating 
the locus of said vehicle based on an identifica- 
^0 tion information of said vehicle outputted from 

said identification means and a location infor- 

matron of said vehicle outputted f r om said loca- 

tion detection means, and outputting locus data 
indicative of the locus of said vehicle, 
a camera means (150) for taking a picture of 
said vehicle and outputting a picture data, and 
a toll collection means (170) for collecting a 
desired toll from said vehicle based on the 
locus data outputted from said vehicle tracking 
means and the picture data outputted from said 
camera means. 

14. The system as claimed in claim 13, further compris- 
ing: 

a correlation means (160) for correlating said 
locus data with the said picture data: and 
a judging means (170) forjudging whether said 
vehicle is a violator vehicle based on correla- 
tion result generated by said correlation 
means. 

15. The system as claimed in claim 13 or 14. further 
comprising: 

a means (170, 180) for registering the locus 
data and picture data of said vehicle when said 
vehicle is judged to be a violator vehicle. 

16. The system as claimed in any of claims 13 to 15, 
further comprising: 

a means (170) for erasing the locus data and 
picture data of said vehicle when said vehicle is 
45 judged not to be a violator vehicle. 

17. The system as claimed in any of claims 13 to 16, 
wherein said receiving means is provided with a 
plurality of antennas (20-1 , 20-2, 20-3, 20-4) having 

so at least three antenna elements (50), and said 
directional finder is provided with a means for 
measuring the direction of arrival of said radio wave 
to each antenna based on phase difference of said 
radio wave received by said two antenna elements 
55 included in said respective antennas and previously 
registered standard phase difference. 

18. The system as claimed in any of claims 13 to 17, 
wherein said directional finder measures the direc- 
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tion of arrival of radio wave transmitted from said 
vehicle by way of two dimensional irrterferometry 
principle in terms of the directional angle and 
depression angle. 

5 

19. The system as claimed in any of claims 13 to 18, 
wherein said location detection means calculates 
the location of said vehicle on the horizontal plane 
and the height in the vertical direction based on the 
directional angle and depression angle of the direc- 10 
tion of arrival of the radio wave measured by said 
directional finder. 

20. The system as claimed in any of claims 14 to 19, 
said correlation means is provided with a means for 15 
correlating vehicle number information of said vehi- 
cle included in said ID signal with vehicle number 
information on the picture taken by said camera 
means. 
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Fig.4B 
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Fig.5 
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Fig.8 
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Fig. 10 
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